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ABSTRACT 


An  experiments!  investigation  was  conducted  to  determine  the 
differentia!  pressure  distribution  over  the  surface  of  parachute 
canopies  during  the  period  of  inflation  under  finite  mass  conditions. 

Puli  scale  parachute  canopies  of  the  Circular  Flat,  10%  Extended 
Skirt f  Ringslot  and  Ribbon  types  were  utilized  during  the  free-f light 
test  program,  and  differential  pressures  on  the  gore  centerline  and  on 
the  cord  line  were  measured  by  means  of  four  pressure  transducers  dis¬ 
tributed  over  the  canopy  in  equal  distances  from  the  skirt  to  the  vent. 

In  ordt^  to  analyze  the  relationships  and  dependencies  between  the 
pressure  distribution,  projected  canopy  area,  canopy  shape,  generated 
force,  and  dynamic  pressure,  graphical  displays  of  these  quantities  were 
made  as  a  function  of  time  for  each  type  ot  t  ’-achute  canopy. 

The  results  of  the  pressure  distribution  measurements  permit  a  better 
understanding  of  the  physical  nature  of  the  dynamic  process  of  parachute 
inflation.  The  stress  distribution  in  a  parachute  canopy  can  be  calculated 
if  the  corresponding  canopy  shape  is  known.  For  this  purpose,  the  evolve- 
ment  of  the  canopy  shape  with  the  corresponding  time  is  presented  for  each 
of  the  canopy  types. 


(The  distribution  of  this  Abstract  is  unlimited.) 
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1. 


INTRODUCTION 


The  determination  of  stresses  in  a  parachute  canopy,  their 
distribution  ove’  the  canopy  and  their  time  history  during  the  inflation 
phase  has  as  yet  not  been  successful,  neither  through  analytical  methods 
nor  through  actual  measurements.  The  common  method  for  the  sensing  of 
stresses  in  a  structure  by  means  of  strain  measurements  fails  to  work  in 
a  parachute  canopy  rabrica-ed  from  nylon  material.  The  reasons  are  the 
high  breaking  elongation  and  the  nonelastic  behavior  of  the  nylon  material. 

Theoretical  attempts  for  the  calculation  oi  stresses  are  all  re¬ 
stricted  to  the  steady  state  phase  of  an  idealized  rigid  shape  (Ref.  1  and  2). 
The  application  of  these  methods  to  the  unsteady  phase  requires  simplifica¬ 
tions  and  assumptions  which  do  no  longer  reflect  the  realities  of  the  dynamic 
process  of  parachute  inflation. 

As  an  alternative,  the  magnitude  and  history  of  stresses  in  a  para¬ 
chute  canopy  can  be  reasonably  closely  approximated  if  the  pressure 
distribution  over  the  canopy  in  relation  to  the  instantaneous  canopy  shape 
is  known.  The  stresses  can  then  be  calculated,  using  experimentally  acquired 
pressure  distributions  and  corresponding  canopy  shapes  gained  from  photogra¬ 
phic  recordings. 

The  measurement  of  the  differential  pressure  over  the  parachute  canopy 
and  its  time  history  was  made  possible  by  the  availability  of  a  special  small 
size,  lightweight,  acceleration  insensitive  pressure  transducer.  The  feasi¬ 
bility  of  the  measurement  of  differential  pressures  on  inflating  parachutes 
was  successfully  demonstrated  during  a  series  of  wind  tunnel  tests  on  scale 
model  parachute  canopies  opening  under  infinite  mass  conditions  (Ref.  3 
and  4) . 


This  report  documents  the  procedures  for  and  the  results  of  measure¬ 
ments  of  differential  pressures  and  correlating  canopy  shapes  on  full  scale 
parachutes  during  free-flight  tests  and  while  opening  under  finite  mass 
conditions . 

2 .  TEST  CONDITIONS 


2.1  Parachute  Types 

Four  basic  types  of  parachute  canopies  were  investigated: 
Circular  Flat  Type  Canopy,  Type  C-9 
10%  Extended  Skirt  Type  Canopy,  Tvpe  T-10 
Rings lot  Type  Canopy 
Circular  Flat  Ribbon  Type  Canopy 

The  Type  C-9  and  T-10  parachute  canopies  were  purchased  from 
Brueggemann  &  Brand  KG,  Volmarstein,  Germany.  Their  design  parameters  were 
based  on  Military  Specifications. 


V 


The  design  of  the  Ringslot  (G)  type  canopy  va3  based  on  Specifi¬ 
cation  MIL-C-9401A.  The  canopies  had  a  nominal  diameter  of  32  ft. 

(9.76  meter),  and  incorporated  32  gores,  10  concentric  cloth  rings,  and 
a  geometric  porosity  of  15%. 

Two  other  Ringslot  (U.S.)  type  canopies  were  furnished  by  the  United 
States  Air  Force  Flight  Dynamics  Laboratory.  This  canopy  type  had  the  same 
dimensions  and  porosity  as  the  type  (G),  but  was  constructed  of  11  cloth 
rings. 


The  design  of  the  Circular  Flat  Ribbon  (G)  type  parachute  was  based 
on  Specification  MIL-P-6653.  The  canopies  had  a  nominal  diameter  of  34  ft. 
(10.38  meter),  and  incorporated  34  gores,  83  concentric  ribbons,  and  a 
geometric  porosity  of  L5%. 

Two  other  Circular  Flat  Ribbon  (D.S.)  type  canopies  were  furnished 
by  the  United  States  Air  Force  Flight  Dynamics  Laboratory.  These  canopies 
were  of  the  same  dimensions  and  had  the  same  geometric  porosity  as  the  type 
(G),  but  were  constructed  of  76  concentric  ribbons  and  had  a  larger  vent. 

The  cloth  Used  in  the  fabrication  of  the  Circular  Flat  and  10% 
Extended  Skirt  type  parachute  canopies  was  made  in  accordance  with  Specifi¬ 
cation  MIL-C-7020,  Type  Ij  and  for  the  Ringslot  type  canopies  cloth  made  in 
accordance  with  Specification  MIL-C-7350,  Type  I  was  used.  The  ribbons  used 
for  the  fabrication  of  the  Circular  Flat  Ribbon  type  canopies  were  made  in 
accordance  with  Specification  MIL-T-5608,  Type  V,  Class  C. 

2,2  Test  Vehicles  and  Test  Method 

The  DFL  Parachute  Test  Vehicles,  Type  FB1A  and  Type  FB1B,  fully 
instrumented  and  recoverable  by  an  independent  parachute  recovery  system, 
were  used  throughout  the  experimental  test  program.  The  Type  FB1A  test 
vehicle  (Figure  1)  was  used  for  the  testing  of  the  solid  cloth  type  parachute 
canopies;  the  Type  FB1B  test  vehicle  (Figure  2),  which  is  the  basic  Type  FB1A 
test  vehicle  with  an  enlarged  test  parachute  compartment,  was  utilized  for 
the  testing  of  the  geometric  porosity  type  parachute  canopies. 

The  components  of  the  test  system  are  shown  in  Figure  3.  The  front 
compartment  of  the  test  vehicle  contains  the  on-board  7-Channel  FM/FM  type 
telemetry  system  (Figure  4) .  The  telemetry  system  is  composed  of  subcarrier 
oscillators,  Vector  Type  TL6iB;  a  mixer-amplifier,  Vector  Tjpe  TA48;  and  a 
transmitter,  Vector  Type  T1225.  The  front  compartment  al.'.o  contains  the 
power  supply  and  a  command  receiver. 

The  telemetry  ground  station  (Figure  5)  contains  the  receiver  and 
discriminators.  All  conditioned  signals  were  recorded  on  a  Honeywell 
Visicorder . 

A  16mm  on-board  photographic  camera  of  the  Photo  Sonics  type  recorded 
the  frontal  view  of  the  test  parachute  canopy  at  a  rate  of  100  frames  per 
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second.  The  growth  of  the  projected  canopy  area  was  determined  from  this 
recording.  A  32mm  ground  based  photographic  camera  of  the  Vinten  type 
recorded  the  profile  shapes  of  the  inflating  and  inflated  canopy  at  a  rate 
of  100  frames  per  second. 

Initially,  the  flight  path  of  the  parachute-load  configuration  was 
recorded  by  two  cinetheodolite  stations.  From  these  recordings,  the  velocity 
of  the  system  and  the  dynamic  pressure  were  determined.  Subsequently,  the 
dynamic  pressure  was  measured  directly  by  means  of  a  vehicle-borne  pitot- 
static  probe  and  pressure  transducer  arrangement  since  this  method  proved 
to  be  as  accurate  as  the  data  derived  from  the  cinetheodolite  measurements. 

Four  pressure  transducers  were  affixed  to  the  test  parachute  canopy 
(see  Figure  6)  from  skirt  to  vent  in  equal  distances.  For  one  test  series 
they  were  located  along  one  of  the  canopy  cord  lines,  for  another  test 
scries  along  a  gore  center  line. 

Ee aal  numbers  of  suspension  lines  were  connected  to  two  short  risers. 
The  risers  were  attached  to  the  test  vehicle  at  two  opposite  points  at  the 
aft  end  of  the  parachute  compartment.  A  strain  gage  type  force  transducer 
was  inserted  in  each  of  the  two  risers  and  the  two  signals  were  added  elec¬ 
trically. 

All  pertinent  data  were  recorded  on  the  same  recording  medium.  The 
recordings  rendered  by  the  Visicorder  contain  the  telemetered  and  conditioned 
signals  of  the  four  differential  pressures  as  sensed  by  the  DFL  pressure 
transducers,  the  force  transmitted  from  the  parachute  to  the  test  vehicle 
a3  sensed  by  the  two  tensiometer  links,  the  dynamic  pressure  as  sensed  by 
the  test  vehicle-borne  pitot- sti  ic  tube  and  pressure  transducer  arrangement, 
and  the  shutter  opening  of  the  on-board  camera.  In  addition,  the  shutter 
openings  of  the  cinetheodolite  and  ground  based  cameras  were  recorded.  The 
time  base  of  the  recording  is  given  by  lines  spanning  the  width  of  the 
recording  medium  and  produced  by  a  100  Hz  signal  generator.  By  this  method, 
an  accurate  correlation  of  all  recorded  quantities  is  possible. 

2.3  Test  Procedure 

The  test  v Jiicle  was  released  from  the  test  aircraft  (Dornier  27) 
at  a  velocity  of  110  knots  IAS  (205  km/hr)  and  at  an  altitude  of  1000  ft. 

(300  meters) . 

An  electronic  timer  initiated  two  pyrotechnic  cartridges  which 
released  the  cover  of  the  test  parachute  compartment.  A  small  pilot  chute 
was  attached  to  the  cover  and  was  deployed  during  cover  release.  The  pilot 
chute  deployed  a  7.8  ft  (2.4  meter)  diameter  extraction  parachute  which,  in 
turn,  pulled  the  packed  test  parachute  from  the  stowage  compartment  and 
aided  in  test  parachute  deployment. 

As  long  as  the  test  vehicle  was  carried  by  the  aircraft,  it  was  con¬ 
nected  to  the  aircraft's  power  supply.  Two  seconds  before  drop,  the  ground 
based  recording  system  was  activated;  one  second  later,  the  ground  camera 
started  to  operate.  At  the  moment  of  drop,  the  test  vehicle  was  disconnected 
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from  the  aircraft  power  supply  end  the  on-board  instrumentation  system  was 
connected  to  the  test  vehicle-borne  power  supply.  The  event  of  power 
transfer  from  external  to  Internal  was  telemetered  and  recorded  on  the 
recording  medium.  A  fraction  of  a  second  later,  an  electronic  timer  ini¬ 
tiated  the  firing  of  the  explosive  bolts  which  served  to  keep  the  parachute 
compartment  cover  attached  to  the  test  vehicle.-  and  activated  the  on-board 
camera. 


Measurement  of  all  quantities  waa  continued  to  the  moment  of  test 
vehicle  ground  impact.  In  order  to  allow  rc— of  the  pitot-static  tube, 
the  probe  was  separated  from  the  test  vehicle  *-c  a  point  200  ft.  (61  meter) 
above  ground  and  recovered  by  a  separate  parachute. 

During  tests  where  cinetheodolite  measurements  were  made,  time  syn¬ 
chronization  with  other  transmitted  signals  was  accomplished  in  the  same 
manner:  the  openings  of  the  camera  shutters  were  transmitted  and  recorded 
on  the  same  medium. 

Four  identical  deployment  t  ts  were  made  with  each  parachute  canopy 
type  and  location  of  pressure  sensing  element  arrangement.  Reproductions  of 
selected  frames  showing  the  evolvement  of  the  canopy  profile  shapes  during 
the  filling  process,  as  rendered  by  the  ground-based  camera,  are  shown  in 
Figures  31  through  42.  Reproductions  of  the  original  recordings  of  all 
telemetered  and  other  signals  are  given  in  the  Appendix. 

3.  RESULTS  AND  ANALYSIS 


3.1  Canopy  Pressure  Distribution  and  Corresponding  Projected 
Canopy  Area,  Force,  and  Dynamic  Pressure  as  Functions  of  Time 


Two  of  each  four  identical  tests  on  a  specific  parachute  canopy 
type  and  pressure  transducer  arranges nt  were  selected  fer  detailed  analysis. 
The  results  of  this  analysis  are  presented  in  Tables  1  and  2  and  in  Figures 
7  through  30.  The  dynamic  pressure  at  time  of  snatch,  the  parachute  filling 
time,  and  the  maximum  pressure  coefficients  for  each  of  the  four  pressure 
sensing  locations  are  listed  in  Table  1.  Table  2  is  a  tabulation  of  the 
measured  snatch  and  opening  forces  as  well  as  of  the  ti ne  of  occurrence  of 
the  maximum  opening  force  for  each  of  the  tests  selector  for  analysis. 

Figures  7  through  30  are  graphical  presentations  of  the  evaluated  quantities 
as  functions  of  the  dimensionless  time,  T.  The  reference  time  is  the  respec¬ 
tive  parachute  filling  time,  tf. 


The  four  differential  pressures,  Ap  ,  are  made  dimensionless  by  the 
dynamic  pressure  at  the  time  of  snatch,  ,  and  presented  as  differential 

pressure  coefficients,  Go,  (skirt),  CL.,,,  c  .  and  c  (vent). 

-1  ^2*  P3  P  4 

The  instantaneous  projected  canopy  area,  Sp,  was  determined  from  the 
on-board  photographic  recordings  and  made  dimensionless  by  the  nominal 
canopy  area,  SQ. 


The  instantaneous  dynamic  pressure, 
the  dynamic  pressure  at  the  time  of  snatch, 


*  » 
V 


is  made  dimensionless  by 
and  the  instantaneous 
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force,  F,  is  divided  by  the  steady  state  drag  force  for  the  dynamic  pres¬ 
sure  at  time  of  snatch,  (CpS)  ^  .  This  permits  the  direct  determination 
of  the  value  of  the  opening  s^ock  factor  of  the  parachute  canopy  from  the 
plotted  function.  The  opening  shock  factor  it?  equivalent  to  the  maximum 
value  shown  after  occurrence  of  snatch. 


The  time  histories  of  the  differential  pressures  are  shown  in  the 
graphical  presentations  in  Figures  7  through  30.  The  peak  pressure  values 
appear  shortly  before  or  after  the  occurrence  of  the  snatch  force.  At  this 
time,  the  quarter  bag  is  already  partially  or  fully  removed  from  the  canopy. 
The  pressure  fluctuates  between  positive  and  negative  values.  This  is  due 
to  high  local  dynamic  pressures  caused  by  the  flutter  of  the  canopy  material 
during  this  early  stage  of  filling.  The  highest  peak  can  be  positive  or 
negative  at  random.  This  peak  appears  first  in  the  skirt  area  and  then  moves 
along  the  canopy  towards  the  vent  area. 


The  solid  cloth  type  parachute  canopies  exhibit  higher  pressure  peaks 
than  the  geometric  porosity  type  canopies.  The  highest  values  are  associated 
with  the  Circular  Fla*-  Type  canopy,  the  lowest  values  with  the  Ringslot  type 
canopy.  On  the  average,  the  peak  pressure  coefficients  for  the  solid 
cloth  type  canopies  are  between  the  values  of  2  and  3;  for  the  geometric 
porosity  type  canopies  they  are  between  the  values  of  1  and  2. 

The  history  of  the  differential  pressure  with  respect  to  both  ampli¬ 
tude  and  frequency  is  different  for  the  solid  cloth  and  for  the  geometric 
porosity  type  parachute  canopies.  As  sensed  along  the  cord  line  of  the 
geometric  porosity  type  parachute  canopies,  the  time  history  of  the  dif¬ 
ferential  pressure  at  the  skirt  and  at  the  two  adjacent  points  of  measurement 
is  very  smooth.  Only  the  vent  area  shows  considerable  pressure  variations. 
This  indicates  that  sufficient  differential  pressures  are  difficult  to  build¬ 
up  in  geometric  porosity  type  canopies  due  to  the  relatively  large  openings 
between  ribbons  or  concentric  rings.  As  a  consequence,  the  filling  time  is 
longer  for  these  canopy  types.  Especially  the  United  States  version  of  the 
Circular  Flat  Ribbon  type  canopy  exhibited  extremely  long  filling  times, 
between  4  and  11  seconds;  however,  these  long  filling  times  may  be  partially 
attributed  to  the  fact  that  the  United  States  canopy  version  had  a  somewhat 
larger  vent  than  the  German  version  of  the  canopy. 


In  general,  the  pressure  distribution  and  pressure  time  histories  of 
all  four  types  of  parachutes  show  the  same  tendencies.  There  are  violent 
fluctuations  between  positive  and  negative  pressure  peaks  caused  by  flutter 
of  the  material  during  the  inflation  phase.  As  the  canopy  fills  in  the  vent 
area,  the  material  flutter  ends  very  soon  in  areas  adjacent  to  the  vent. 
Af.er  a  few  early  negative  peaks,  the  differential  pressure  at  the  vent 
remains  mainly  positive.  As  the  canopy  filling  continues  toward  the  skirt, 
the  material  flutter  diminishes  correspondingly.  The  time  where  the  canopy 
vent  area  is  filled  corresponds  to  the  end  of  the  "initial"  filling  period. 
The  dynamic  pressure  has  decreased  to  20%  of  its  value  at  time  of  snatch, 
the  projected  canopy  area  has  increased  to  approximately  6.2%  of  its  steady 
state  value,  and  for  geometric  porosity  type  parachutes,  the  opening  shock 
has  occurred.  The  pressure  history  in  the  vent  area  differs  markably  from 
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those  at  the  other  points  of  measurement .  It  has  high  positive  values 
during  the  entire  "initial"  filling  phase. 

Comparing  all  the  test  results,  one  exception  becomes  evident.  The 
pressure  histories  measured  on  the  Circular  Flat  Ribbon  (G)  type  canopy 
show  the  same  trends,  but  to  the  negative  side  (compare  tests  AF72,  73,  75 
and  77  and  Figures  23,  24,  27  and  28).  No  explanation  can  be  offered  for 
this  result.  Everything  possible  was  checked,  but  no  mistake  in  electrical 
connections,  calibration  or  sensors  could  be  ascertained.  Since  all  other 
test  parachute  canopies,  even  the  Circular  Flat  Ribbon  (U.  S.)  type  show 
pressure  trends  to  the  positive  side,  a  mistake  in  data  acquisition  has 
to  be  assumed. 

In  general,  the  pressure  measurements  revealed  that  the  pressure 
fluctuations  are  more  violent  along  the  gore  centerline  than  along  the  cord 
lice.  This,  again,  may  be  attributed  to  the  flutter  of  the  material  in  the 
gores . 


3.2  Evolvement  of  Canopy  Shape 

The  evolvement  of  the  chape  of  each  of  the  four  parachute  canopy 
types  is  shown  in  a  series  of  pictures  selected  from  the  photographic  record¬ 
ings  rendered  by  the  ground  based  camera.  These  pictures  are  reproduced  in 
Figures  31  through  42.  Two  series  of  pictures  are  shown  for  each  canopy 
type.-  One  series  represents  tests  where  the  pressure  transducers  were 
attached  to  a  gore  centerline  of  the  canopy,  the  other  series  was  taken  during 
tests  where  the  pressure  transducers  were  attached  to  one  of  the  canopy  cord 
lines . 


Twelve  characteristic  stages  of  filling  were  selected  for  each  series 
of  pictures.  The  first  picture  in  each  series  reflects  the  canopy  configura¬ 
tion  at  t4me  of  snatch  (T-0) ,  the  following  pictures  show  several  consecutive 
stages  of  filling,  the  canopy  shape  at  the  time  the  maximum  force  occurs,  the 
firet  attainment  of  the  steady  state  projected  diameter  (T  =  1.0),  the  maximum 
projected  area  shape  (overinflation) ,  and  the  last  picture  shows  the  canopy 
shape  under  steady  descent  conditions.  Each  of  the  shapes  represented  by 
these  pictures  can  be  coordinated  to  the  instantaneous  pressure  values  by 
virtue  of  the  common  time  base. 

Overall,  the  characteristic  canopy  shapes  during  the  filling  process 
are  reproducible  with  good  regularity  for  the  same  initial  conditions. 

Idealizations  of  the  canopy  shapes  can  be  made  using  basic  bodies 
of  revolution  such  as  cylinders,  truncated  cones,  spherical  segments,  or 
hemispheroids  (Ref.  3  and  4).  For  a  dimensional  determination  of  the  canopy 
shape,  the  length  of  the  test  vehicle  (without  pitot-static  tube)  may  be  used. 
For  the  Type  FB1A  test  vehicle,  which  was  used  for  tests  on  the  solid  cloth 
type  parachute  canopy,  this  length  is  6.9  ft.  (2.26  meter);  for  the  Type  FB1E 
test  vehicle  used  for  the  testing  of  geometric  porosity  type  canopies,  this 
length  is  6.75  ft.  (2.208  meter). 
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The  previously  mentioned  fluttering  of  the  canopy  material  during 
the  early  filling  phase  may  be  seen  from  these  pictures. 

4.  CONCLUSIONS 


An  experimental  test  program  was  conducted  to  determine  the  values 
and  the  time  history  of  the  differential  pressure  at  different  locations  over 
the  surface  of  four  types  of  parachute  canopies  while  opening  under  finite 
mass  conditions.  To  permit  a  more  complete  analysis  of  the  canopy  pressure 
distribution,  the  dynamic  pressure  and  the  forces  generated  by  the  inflating 
canopies  were  measured  as  a  function  of  time,  and  the  canopy  profile  shapes 
were  derived  and  related  to  a  common  time  base.  The  results  of  this  test 
phase  supplement  the  measurements  made  during  an  earlier  phase  under  which 
similar  quantities  were  acquired  and  analyzed  for  model  parachute  canopies 
opening  under  infinite  mass  conditions. 

The  results  of  the  experimental  test  program  confirm  the  expected 
difference  in  the  frequency  and  amplitude  of  the  differential  pressure 
values  between  solid  cloth  and  geometric  porosity  type  parachute  canopies. 

The  peak  pressure  coefficients  for  solid  cloth  type  canopies  are  generally 
between  the  values  of  2  and  3,  while  values  between  1  and  2  were  measured 
on  the  geometric  porosity  type  canopies.  Violent  fluctuations  of  the  dif¬ 
ferential  pressures  between  positive  and  negative  pressure  peaks  are  evident 
during  the  early  stage  of  canopy  filling.  These  fluctuations  are  due  to  the 
flutter  of  the  canopy  material.  As  canopy  filling  progresses  from  the  vent 
towards  the  skirt  area,  the  material  flutter  diminishes  and  the  differential 
pressures  show  mainly  positive  values. 

Although  a  great  deal  of  insight  into  the  pressure  distribution  of 
inflating  parachute  canopies  was  gained  from  this  test  series,  which  will  be 
of  benefit  to  the  formulation  of  stress  analysis  approaches  for  the  unsteady 
phases  of  parachute  operation,  the  absolute  pressure  values  must  be  applied 
with  caution.  However,  the  results  of  these  initial  measurements  of  the 
dynamic  differential  pressure  distribution  over  the  surface  of  the  parachute 
canopies  tested  will  serve  to  gain  a  better  understanding  of  the  cacopy  stress 
loading  history  and  its  distribution.  It  is  primarily  a  qualitativ  impression 
that  can  be  gained  about  the  stresses.  Tor  a  quantitative  evaluation,  addi¬ 
tional  work  has  to  be  performed  to  improve  upon  methods  for  the  numerical 
reduction  of  the  measured  pressure  values  into  stress  values.  Difficulties 
result  due  to  the  dynamics  of  the  parachute  inflation  process.  For  example, 
the  highest  pressure  peaks  were  measured  during  the  flutter  phase  of  the 
canopy  material,  and  the  idealization  of  the  canopy  shapes  during  this  phase 
and  the  correlation  of  the  measured  pressure  values  to  these  shapes  may  yield 
erroneous  results.  Longitudinal  stresses  will  be  predominant  during  the 
material  flutter  phase.  During  the  steady  state  phase,  the  circumferential 
stresses  will  cause  the  main  loading.  This  has  to  be  considered  in  more 
detail  during  the  formulation  of  stress  analysis  approaches. 

Another  problem  for  the  formulation  of  a  valid  stress  analysis 
approach  is  the  visco-elastic  behavior  of  the  nylon  material,  which  makes 
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tfe«  stream-strain  relationship  very  complicated.  The  inclusion  of  this 
relationship  into  a  practical  stresa  analysis  method  should  be  avoided. 

Additional  experimental  data  should  be  acquired  for  differential 
pressures  acting  between  points  3  and  4  on  the  canopies,  since  the  vent 
area  exhibits  high  continuous  positive  differential  pressures.  A  series 
of  tests  should  also  be  performed  at  dynamic  pressures  which  are  higher 
than  those  at  which  this  test  program  was  conducted  and  which  are  close 
to  the  strength  limit  of  the  canopy  material. 
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TABLE  1  (cont.) 

Peak  values  for  differential  pressure  coefficients 

c  ani  corresponding  times  T  -  t/t_ 

P  *  8  i 


Parachute 

Location  of 

Test 

q 

°P1 

°P2 

CP3 

°P4 

Type 

pressure 

No. 

skirt) 

r 

fvent) 

transducers 

AF 

kp/m^J 

sea 

L  J 

T1 

T2 

T3 

T4 

-1.93 

-0.84 

1.24 

-1.95 

cord 

34 

214 

2.83 

0.001 

0*008 

0.034 

0.120 

/~s 

CO 

p 

36 

185 

2.77 

-0.77 

1.73 

-1.97 

2.76 

eh 

-0.003 

0.010 

0.080 

0.116 

GO 

o 

S5 

40 

206 

3.37 

1.57 

-C.85 

-1 .04 

1.22 

M 

Ph 

gore 

0.053 

0.007 

0.023 

0.099 

-1.78 

-0.60 

k0.79 

-1.08 

43 

190 

3.62 

0.019 

0.039 

0.063 

0.075 

p.74 

2.32 

-0.88 

-2.22 

cord 

72 

181 

2.04 

-0.006 

0.002 

0.022 

0.174 

Eh 

«! 

1 .07 

-0.59 

0.56 

-2.42 

CIRCULAR  FL 

RIBBON  (G) 

73 

186 

2.32 

-0.004 

0.012 

0.11? 

0.172 

gore 

75 

166 

2.26 

1.  3 

0.049 

1.71 

0.022 

0.67 

0.053 

-1.13 

0.220 

77 

182 

1.94 

-1.38 

1.48 

0.72 

-2.69 

0.083 

0.004 

0.131 

0.050 

-0.47 

-1.20 

-0.68 

1 .04 

cord 

42 

190 

9.37 

0.000 

0.001 

0.020 

0.027 

FLAT 

s) 

54 

206 

10.96 

-O.95 

-1.74 

-0.75 

-2.00 

0.002 

0.001 

0.032 

0.016 

^  S3 
&  O 
o  m 
«  m 

60 

192 

4.46 

1.17 

1.01 

-1.45 

-1 .88 

M  M 

O  01 

gore 

0.056 

0.030 

-0.001 

0.081 

66 

1?0 

4.18 

-1.28 

-0.90 

-0.75 

1.13 

0.034 

0.090 

0.054 

0.103 

TABLE  2 


Snatch  Force  and  Opening  Shock  values  with  corresponding  times 

for  all  parachute  types 


Parachute 
Type 


Test 
No.  AF 


Snatch 

Force 

[H 


[Opening 
[shock 


Filling 
time 
[sec] 


Time  of  occurrence 
of  Opening  Shock 
[sec] 


Eh 

< 

►J 

pH 

5 

£3 

CJ 

M 

CJ 


1 03 


1695 


1.140 


670 


1728 


1 .050 


1000 


1248 


1.280 


984 


1 4 ' 8 


1 .  t60 


0.720 


0.770 


0.807 


0.825 


Eh 

« 

M 

« 

CO 

fi 

W 

O 

a 

w 

Eh 

pa 


24 


26 


14 


16 


979 


1573 


1 .720 


950 


1615 


1.609 


IO64 


2361 


1.795 


947 


1313 


2.158 


0.478 


O.464 


0.465 


0.447 


o 


Eh 

O 

►a 

co 

o 

z 

M 


33 


35 


51 


440 


1150 


5.680 


1133 


1055 


3.210 


509 


1074 


!.990 


0.340 


0.330 


0.775 


55 


558 


1429 


3.790 


O.326 


TABLE  2  (cont.) 


Snatch  Force  and  Opening  Snock  values  in  lbs  with  corresponding 
times  in  sec  for  all  parachute  types 


Parachute 

Type 

Test 

No.  AF 

Snatch 

Force 

H 

Opening 

Shock 

libs 

L_  J 

Pilling 

time 

r  1 
jsecj 

Time  of  occurrence 
of  Opening  Shock 

.sec] 

CO 

EH 

O 

CO 

C5 

3 

M 

« 

34 

473 

1396 

2.850 

0.330 

36 

565 

1275 

2.770 

0.350 

40 

595 

1071 

3-370 

0.319 

43 

476 

969 

3.620 

0.674 

CIRCULAR  FLAT 

RIBBON  (G) 

72 

1304 

1294 

2.040 

co 

N"\ 

• 

0 

73 

493 

1412 

2.320 

0.850 

75 

460 

1403 

2.260 

0.843 

77 

1002 

1445 

1.940 

0.635 

CIRCULAR  FLAT 

RIBBON  (US) 

42 

394 

936 

9.370 

0.494 

54 

565 

907 

10.980 

0.426 

1176 

887 

4.460 

0.850 

66 

466 

936 

4.180 

0.990 
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18 


Location  of  prsaaura  tr&naduoara 
on  th*  Ror«  canter  lina 


RM  VO.  AF  14 


Looation  of  pressure  transduasra 
on  the  gore  oenter  lino 


1  -  skirt 
4  ■  rent 


C5 

03 

02 

01 

0 

008 

006 

004 

0.02 

0 


CpSoqs 


30  -  88  [«2] 

q,  -  227 
CJ3  -  0.75 

[kp/.2l 

VI# .13  Differential  pressure  oeeffioleat  8  -A  p/q  and  oorrea ponding 
projnotod  area  rati®  8^8^,  opening  shook  faster  and 

dyaanio  pressure  eotf  Helen*  q/< Tarsus  tin*  ratio  for  59  ft 

Vxteaded  Ifcir*  Parachute.  Pilling  tins  t,  -  1.795  [##e] 
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Mfforoatial  pressure  oooffioioat  C?  «Aj/t#  aad  oorroopeadla^ 
promoted  area  rati®  S  /»  ,  ®po»l»«  ohook  factor  T/cjt  «  ss£ 
dyaaaia  jx««bbjt«  oooffioieat  q/*#  rtrni  tin®  rati®  for  53  ft 
Baton dad  Skirt  Paraohato.  Jlllia*  tiao  t,  -  2.156  [mo] 


0  0.15  0.3  0.45  0.6  T 

fig. ' 5  Differential  pressure  coefficient  Cv  -Ap/qa  and  oorreepondinf 

projected  area  ratio  Op/80,  epenlaf  chock  faotor  ?/CgS0qB  and 
dynaalo  precenre  ooeff latent  q/%§  Tit-roue  tine  ratio  for  32  ft 
Xiacslot  ?»raohute  (0).  Fillip  tine  tf  -  3*68  [e>c] 

26 


0.75 


Fig.  17  Differential  pressure  coefficient  Cp  •Ap/qfl  and  corresponding 
projected  area  ratio  Sp/SQ,  opening  shook  factor  F/CpS^q^  and 
dynamic  pressure  coefficient  q/qg  versus  tine  ratio  for  >2  ft 
Ringelot  Parachute  (US).  Filling  tine  tf  -  2.85  [sec] 
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TEST  10.  AP  5t 


j  Location  of  prtinn  transducer* 
on  tho  oord  oontor  lino _ 

!  1  •  skirt 


4  ■  mt 


.  0 

’P2 

1.0 


,  0 

'P3 

1.0 


.  0 

'P4 

1.0 


Fy^ 


&  0 

>o 

0.3 


80  «  76.6  [»2] 


q.  -  185  [kp/n2] 

Cj)  -  0.55 


0  0.2  0.4  0.6  0.8  T 

Pig. IB  Diffsrsntial  prssnurs  oooffioiant  Cp  *Z\p/qt  aad  corresponding 
projeotsd  %ru  ratio  3p/8e,  opening  shook  faotor  P/c^8ec,,  and 
d/nanio  pressure  oosffloiont  q/qg  ▼orouo  tin*  ratio  for  52  ft 
Singalot  Paraohuts  (OS).  Pilling  tin#  tf  *  2.77  [soo] 


7>8f  10.  Af  51 


{  Location  of  prooauro  transducers 
I  on  th©  *er©  center  lino 


>i!u' 


4  “  rent 


“0 


sa  -  75  r«2i 


q,  -  202  [kp/«z] 

CD  •  0.55 


FiC. 19  Differential  pressure  coefficient  Qf  »Ap/qa  ond  corresponding 
projected  oroo  ratio  3p/S0,  opening  shook  footer  ?/Cj)S0qB  ond 
iytmaio  pro soar©  oooffioiont  q/q*  versus  tloo  ratio  for  52  ft 
Ringelot  faroohut©  (0).  Filling  tine  tf  -  2.99  [000] 


fig*  21  Differential  preasure  coefficient  Cp  »Ap/qB  am*.  oorreap&ndi ng 
projected  area  ratio  3p/30,  opening  »he©i,  factor  ?/Ci)S0q®  and 
djmaaio  preeeure  ooeffioieat  q/qf  yereue  tiae  ratio  for  32  ft 
Bingalot  Parachute  (78).  Pilling  ti*e  tf  -  3.37  [eeo] 

32 


«9f  SO.  A?  54 


Location  of  pnucn  Inudutn 
on  Mm  oot4  ooatsr  11m 


nAfs.,V/^JV 


1  «  skirl 


■up 


I 

_ 

o  *»  84  [■ 

CM 

KK 


qa  -  206  [kp/n*] 

Cj)  -  0.5 


0  0.06  0.12  0.18  0.24  T 

Fig. 26  Difforantiel  pr««eur«  eeofficiont  Gp  -Ap/q*  sad  aorrsoponding 
projected  araa  ratio  Sp/Sc,  opoaing  shook  factor  F/cpSeqs  and 
dynaaic  prsssuro  oosffioisnt  q/q8  ▼srsus  tiro  ratio  for  54  ft 
Ciroul&r  Flat  Ribbon  Payaohvita  (CS).  Filling  tina  tg  «  10,9® 

37 


-=|0.2 

=U 

C.3 


Pig.  27  Differential  pressure  ooeff latent  Cp  **Ap/qB  and  corresponding 
preheated  area  ratio  Sp/S0,  opening  shook  factor  J/CdSoIs  &Rd 
d/a**i»  pressure  coefficient  q/qg  versus  tine  ratio  for  54  ft 
Clroular  Plat  Bibbon  Paraoteyte  ( CJ) .  Pilling  flae  if  •  2.26  [aeo] 


TBS?  »0.  A?  77 


Location  of  pressure  trui4«e«7t 
on  the  gore  oenter  lino 


4  ®  mt 


•  SI  [a*] 


la 

C 


182  [kp/s2] 
0.5 


0.4  0.6  0 

Pig.  28  Differential  pressure  coefficient  Cp  »Ap/qB  and  corresponding 
projected  area  ratio  Sp/30,  opening  shock  factor  ?/Cj)S0qB  and 
dynanic  pressure  coefficient  q/qB  rereua  tine  ratio  for  54  ft 
Circular  Plat  Ribbon  Parachute  (0).  Filling  tine  t^  «  1.94  [eee. 


Fig.  29  Mffarantial  prascura  ooeffloient  Cp  »A p/qB  end  oorraaponding 
projected  am  ratio  Sp/8iS  opening  ahook  faotor  F/cDS0qB  and 
dynaaio  prcaiure  ooeffloient  q/qa  vareua  tint  ratio  for  54  ft 


Circular  Flat  3ibbon  Parachute  (US).  Filling  tiae  tf  «  4.46  [sec] 
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0  (SNATCH  FORCE) 


0.7238  (MAX. FORCE) 


PIG. 34  EVOLVEMENT  OP  THE  CANOPY  SHAPE-55  PT  EXTENDED  SKIRT  PARACHUTE 


TEST  NO 


'IDLING  TIKE  t 


0  f SNATCH  FORCE) 


(MAX* FORCE) 


T  -  0.8754  T  -  l.C 

FIG. 35  EVOLVEMENT  OF  THE  CANOPY  SHAPE-32 


STEADY  DESCENT 
T  RINGSLUT  PARACHUTE  (G) 


0.1148  (MAX- FORCE) 


FIG. 36  EVO 


A 7  51-FILLKG  TIME  t 


T  -  0  f SNATCH  FORCE) 


T  -  0.2592  (MAX. FORCE) 


T  -  0.8696  T  -  1.0  STEADY  DESCENT 

FIG.  37  EVOLYEMENT  OF  THE  CANOPY  SHAPE- 52  FT  RINGSLOT  PARACHUTE  (G) 


CH  FORCE) 


T  “  1*0  STEADY  DESCENT 

CANOPY  SHAPE-32  FT  RINGSLOT  PARACHUTE  (US) 


1G.38  EVOLVEMENT  OF  TE 


TEST  SO.  tJ  72 -FILLING  TIME  t 


T  -  0  (saiTCH  FORCE) 


STEADY  DESCENT 


FIG. 39  EVOLVEMENT  QF  THE  CANOPY  SHAIJ-34  FT  CIRCULAR  FLAT  RIBBON  PARACHUTE  (G) 
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i&i&MMS 


T-0.0526  (MAX. FORCE) 


1  “  r  -  1.0  STEADY  DESCENT 

PIG. AO  EVOLVEMENT  OF  THE  CANOPY  SHAPE-54  FT  CIRCULAR  PLAT  RIBBON  PAKACHUTE(US) 
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[vf  ^ 
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TEST  NO,  AF  77-FILLTKG  TIME  \  -  l.$4  [SEC] 


FIG. 41  EVOLVEMEHT  OF  THE  CANOPY  SHAPE-54  FT  CIRCULAR  FLAT  RIBBON  PARACHUTE  (G) 
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TEST  NO.  AF  66-FILLING  TIME  t  .4.18  [SEC] 


T  -  0  (SNATCH  FORCE) 


0.0921  (MAX. FORCE) 


T  -  0.8828  T  -  1.0  STEADY  DESCENT 

FIG. 42  EVOLVEMENT  OF  THE  CANOPY  SHAPE-34  FT  CIRCULAR  FLAT  RIBBON  PARACHUTE  (tkj) 


6.  APPENDIX 

Reproductions  of  the  original  oscillographic  recordings  with 
differential  pressures,  force,  dynamic  pressure,  openings  of  the  camera 
shutters  and  time  base  are  shown  in  Figures  43  through  66. 


,*1»] 


IF  2  -  28  FT  CIRCULAR  FLA?  PAPACHUTE 


(skirt) 


Differential 


Openings  of  the 
ground  caaera  shutters 


Openings  of  the  on¬ 
board  caaera  shutters 


Openings  of  the  cine 
theodolites  shutters 


Force 


Dynamic  Pressure 


Snatch  Foroe 


Time  base  100  ops 


Fig.  44  Original  registration.  Pressure  transducers  on  the  cord  center  line 


penings  of  the  on- 


'oard  camera  shutters 


penings  of  the  cine- 
heodolites  shutters 


'namic  Pressure 


atch  Force 


ne  base  100  cps 


essure  transducers  on  the  gore  center  line 
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¥Kf  10.  17  7  -  28  F?  CIHCULAR  FLAT  P  ABA-CHUTE 


Openings  of  the  cine- 
theodolites  shutters 


Time  base  100  cps 


(skirt) 


Differential 


Pressure 


(rent) 


Openings  of  the 
ground  camera  shutters 


Openings  of  the  on¬ 
board  camera  shutters 


Dynamic  Pressure 


Snatch  Force 


Force 


Fig.  46  Original  regi  strati  or..  Pressure  transducers  on  the  gore  center  line 
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S----HWW 


Openings  of  the 
ground  caoera  shutters 


Openings  of  the  on¬ 
board  camera  shutters 


Openings  of  the  cine- 
theodolites  shutters 


-  Snatch  Force 


-Time  base  100  cps 


Pig.  48  Original  registration.  Pressure  transducers  on  the  cord  center  line 


T2ST  10*  IP  26  -  55  FT  EXTENDED  SKIRT  PARACHUTE 
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Opening*  of 
board  camera 


Force 


Dynamic  Pressure 


Snatch  Force 


Time  base  100  cpe 


Pif •  SO  Original  registration.  Pressure  transducers  on  the  gore  center  line 


T2OT  fcO.  1?  16  -  35  W  KXTEHDED  8KIBT  PAfilCHUTE 


Openings  of  the 
ground  camera  shutters 


Openings  of  the  on¬ 
board  camera  shutters 

Openings  of  the  cine- 
theodolites  shutters 


( skirt ) 


Differential 


Pressure 


(rent) 


(▼•nt) 


Poroo 


[III] 


(skirt) 


Differential 

Pressure 


-  (vent  ) 
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j 
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Openings  of  the 
ground  camera  shutters 


Openings  of  the  on¬ 
board  camera  Bhutters 
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'< 
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Force 
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enter  line 


(rent) 


Force 
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bns>vuii  j?g re e 


~  lime  base  100  cps 

Pig.  56  Original  registration.  Pressure  transducers  on  the  gore  center  line 
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Force 

Dynamic  Pressure 


T2ST  10.  A?  55  -  32  FT  BIIGSLOT  PAiLACHDTE  (G) 


Openings  of  the 
ground  camera  shutters 


Openings  of  the  on¬ 
board  camera  shutters 


Differential 

Pressure 


(skirt) 


t  s. 
/' 


(vent) 


TEST  NO.  A?  40  -  32  FT  RIHGSLOT  PARACHUTE  (US) 
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(rent) 


Differential 

Pressure 


Openings  of  the 
ground  cane re  shutters 


Openings  of  the  on¬ 
board  camera  shutters 


Force 

Dynamic  Pressure 


Snatch  Force 


—  T j.me  base  100  cps 


Fig.  57  Original  registration.  Pressure  transducers  on  the  gore  center  line 
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(skirt) 


Force 
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TEST  HO.  A?  72  -  34  FT  CIHCULAB  FLAT  HIBBGI  PAS AC HOT E  (0) 

- (skirt)  'I 

- (rent)  J 


Differential 

Pressure 


-Openings  of  the 
ground  ooaera  shutters 


'Openings  of  the  on¬ 
board  camera  shutters 


-Poroe 


-Dynamic  Pressure 


-Snatch  Pores 


-Time  case  100  ops 


Pig. 59  Original  registration.  Fressure  transducers  on  the  cord  oontsr  line 
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Snatch  Force 


Time  base  100 


Openings  of  the 
ground  camera  shutters 


Openings  of  the  on¬ 
board  camera  shutters 


Force 


Dynamic  Pressure 


Snatch  Force 


Time  base  100  cpc 


Fig. 64  Original  registration.  Pressure  transducers  on  the  gore  center  line 
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T2ST  10.  A?  77  -  34  FT  CIRCULAR  FLAT  RIBBOH  PARACHUTE  (G) 


(skirt) 


(vent) 


Differential 

Pressure 


-  Force 


-  Dynamic  Pressure 


Snatch  Force 


Tim©  base  100  cps 


Fig. 55  Original  registration.  Pressure  transd 


queers  on  the  gore  center  line 


TEST  NO.  AF  60  -  M  FT  CIRCULAR  FLAT  RIBBON  PARACHUTE  (US) 


( skirt ) 


Differential 

Pressure 


(vent) 


Openings  of  the 
ground  camera  shatters 


Openings  of  the  on¬ 
board  camera  shutters 
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13.  ABSTRACT 


An  experimental  investigation  we  conducted  to  determine  the  differential 
pressure  distribution  over  the  surface  of  parachute  canopies  Airing  the 
period  of  inflation  under  finite  mss  conditions . 

Full  seals  parachute  canopies  of  the  Circular  Flat,  1056  Extended  Skirt,  Ringslot 
and  Ribbon  types  were  utilized  during  the  free -flight  test  program,  and  differen¬ 
tia'1  pressures  on  the  gore  centerline  an .  on  the  cord  line  were  measured  by  mesne 
of  four  pressure  transducers  distributed  over  the  canopy  in  equal  distances  from 
the  skirt  to  the  vent. 

In  order  to  analyze  the  relationships  and  dependencies  between  the  pressure  distri¬ 
bution,  projected  canopy  area,  canopy  shape,  generated  feres,  and  dynamic  pressure 
graphical  displays  of  these  quantities  were  made  as  a  function  of  time  for  each 
type  of  parachute  canopy. 

The  results  of  the  pressure  distribution  msasurmunts  permit  a  better  understanding 
of  the  physical  nature  of  the  dynamic  process  of  parachute  inflation.  The  stress 
distribution  in  a  parachute  canopy  can  be  calculated  if  the  corresponding  canopy 
shape  is  known.  For  this  purpose,  the  evolvsment  of  the  canopy  ehi^e  with  the 
corresponding  tine  is  presented  for  each  of  the  canopy  types. 

(The  distribution  of  this  Abstract  is  unlimited). 
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